Studies on the Supported MoVTeOx Catalysts for Selective Oxidation of Isobutane to Methacrolein by 孙晓丹
学校编码：10384                                分类号      密级        




博  士  学  位  论  文 
                                           
异丁烷选择氧化制甲基丙烯醛负载型
MoVTeOx催化剂的研究 
Studies on the Supported MoVTeOx Catalysts for Selective 
Oxidation of Isobutane to Methacrolein 
 
孙 晓 丹 
 
指导教师姓名：翁 维 正  教授 
              万 惠 霖  教授 
专  业 名 称：物  理  化  学 
论文提交日期：2 0 1 1  年 6 月 
论文答辩时间：2 0 1 1  年 6 月 
学位授予日期：2 0 1 1  年   月 
  
 
答辩委员会主席：           
评    阅    人：           
 














The Doctor Dissertation of Science in Xiamen University 
 
 
Studies on the Supported MoVTeOx Catalysts for Selective 










Professors:  Weizheng Weng 
            Huilin Wan               
 























另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的



































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 


























1）考察了 SiO2、La2O3、Al2O3、CeO2 和 ZrO2 负载的 MoV0.8Te0.23Ox 催化剂
的异丁烷选择氧化催化性能。结果表明，以 SiO2 为载体的催化剂性能 佳。以
MoVTeOx/SiO2 催化剂体系为研究对象，考察了催化剂活性组分配比对催化性能
的影响。结果表明，当(Mo+V+Te)/Si 的摩尔比为 3%，Mo:V:Te 摩尔比为 1:0.8:0.23
时，催化剂表现出 佳的反应性能。在此基础上，采用浸渍法和直接合成法分别
制备了以 SBA-3 为载体的 3% MoV0.8Te0.23Ox/SBA-3 催化剂。与浸渍法相比，直
接合成法制备的催化剂能够较好地实现活性组分的分散和活性中心分离，从而在
一定程度上抑制了反应产物 MAL 和中间体异丁烯的深度氧化，改善了反应的选
择性。Raman 光谱研究结果表明，SBA-3 负载的 MoV0.8Te0.23Ox 催化剂表面主要
以分立的 VOx 和 MoOx 物种为主，这些物种基本以 VO4 和 MoO4 四面体的形式
高分散于载体上；SiO2 负载的催化剂上除了 VOx 物种之外，还可检出 Te 多钼酸
盐物种。 
2）以 3% MoV0.8Te0.23Ox/SiO2 催化剂为基础，考察了碱金属（锂、钠、钾和
铯）的添加对催化剂性能的影响。结果表明，添加适量的铯有助于改善催化剂上
Te 多钼酸盐物种的稳定性，提高催化剂的低温可还原性，降低催化剂表面的 B





























































The selective oxidation of isobutane to MAL is an important reaction for the 
utilization of light alkanes and has been attracting a lot of attention in both academia 
and industry. The main challenge for this process is that isobutane is less reactive than 
the desired products, and activation of the reactant needs operating condition (e.g. 
higher reaction temperature) which is detrimental to the stability of the reaction 
intermediates and products. Therefore, how to get the catalysts with high activity and 
selectivity in selective oxidation of isobutane to MAL is challenging. In the present 
work, the selective oxidation of isobutane to MAL over supported MoVTeOx catalysts 
was studied. The effects of supports, preparation methods, alkali metal additives as 
well as pore structure of silica supports on catalytic performance were investigated. 
Combining the results of the catalytic test and characterization such as BET, XRD, 
TEM, Raman, H2-TPR, XPS and Py-IR, the relation between catalytic behavior and 
structure, redox and acid-base properties of the catalysts were discussed. The main 
results of the study are summarized as follows: 
1) The effect of supports (SiO2, La2O3, Al2O3, CeO2 and ZrO2) on the catalytic 
performance of supported MoV0.8Te0.23Ox catalyst was studied. Among these supports, 
SiO2 was the best. The effect of composition on catalytic performance of 
MoVTeOx/SiO2 for selective oxidation of isobutane to MAL was investigated. 
According to the experimental results, optimal Mo/V/Te atomic ratio of 1/0.8/0.23 
with (Mo+V+Te)/Si = 3% were obtained. Based on these results, SBA-3 supported 
MoV0.8Te0.23Ox catalysts were prepared by impregnation and direct synthesis methods. 
Compared to the catalysts prepared by impregnation method, catalyst prepared by 
direct synthesis method which could be beneficial for the dispersion and isolation of 
active species and restrain the overoxidation of MAL and isobutene showed higher 
isobutene selectivity. It was found by Raman spectra that highly dispersed and 
isolated active MoOx and VOx species present on the SiO2 and SBA-3 support were 
responsible for the enhanced catalytic performance of the catalysts. Besides the VOx 















2) On the basis of 3% MoV0.8Te0.23Ox/SiO2 catalyst system, alkali metals (Li, Na, 
K and Cs) were added to the catalyst and the catalytic performance was investigated. 
The addition of certain amount of Cs to 3% MoV0.8Te0.23Ox/SiO2 increased the 
activity of catalyst for isobutane selective oxidation to MAL at low reaction 
temperatures. The enhanced catalytic performance in the selective oxidation of 
isobutane to MAL on the Cs-doped catalysts seemed to be related to the adjustable 
stability of Te-polymolybdate species, enhanced low-temperature reducibility, 
decreased Brønsted acid sites which favored MAL desorption and prevented the 
overoxidation of MAL to carbon oxides.  
3) Supported MoVTeOx catalysts with wormhole-like mesostructure were 
prepared by direct synthesis methods. The catalytic performance of the catalysts were 
investigated and compared with 3% MoV0.8Te0.23Ox/SBA-3-ds. Improved surface 
atomic ratios of elements were obtained on the catalysts which were prepared by 
sol-gel process during the synthesis. The catalysts with higher surface atomic ratios of 
MoVTe elements showed better performance than 3% MoV0.8Te0.23Ox/SBA-3-ds 
under the same reaction condition. With the same active species and similar surface 
atomic ratios to 3% MoV0.8Te0.23Ox/SBA-3-ds, higher MAL selectivity and yield were 
obtained over the catalyst having wormhole-like mesostructure. The characterization 
results confirmed that the wormhole-like mesostructure of the catalysts which could 
allow efficient molecular transport by diffusion in the channels during the reaction 
and thus could increase the selectivity and yield of MAL by promoting the 
consecutive oxidation of isobutene to MAL was the main reason for the better 
catalytic behavior of the three catalysts than 3% MoV0.8Te0.23Ox/SBA-3-ds. 
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